An exactly soluble model of the weak three-body decay of a Q+ particle to three daughter O+ particles which interact strongly has been studied by Amado and Noble. The same problem with identical input data is studied in the impulse approximation. The two sets of results are compared to examine the accuracy of the impulse model. The question is studied of how accurately the two-body parameters can be extracted from the weak-decay data using the impulse approximation. § 1. Introduction An increase in our fundamental knowledge of the three-body decay mechanism has been made by Amado and Noble 1 l' 2 ) who have studied the non-relativistic weak decay of a o+ particle (the G's or Gedanken) into three o+ particles (the H's) which interact strongly. The problem was facilitated by the choice of a separable two-body interaction between the final state H's. This choice of the two-body potential ensured that the Faddeev equations for the three-body T matrix could be solved exactly. The numerical solutions of the Faddeev equations showed that the three-body data were very strongly dependent upon the volume of the weak-decay vertex (3-t, making the extraction of two-body parameters risky and unpredictable.
An increase in our fundamental knowledge of the three-body decay mechanism has been made by Amado and Noble 1 l' 2 ) who have studied the non-relativistic weak decay of a o+ particle (the G's or Gedanken) into three o+ particles (the H's) which interact strongly. The problem was facilitated by the choice of a separable two-body interaction between the final state H's. This choice of the two-body potential ensured that the Faddeev equations for the three-body T matrix could be solved exactly. The numerical solutions of the Faddeev equations showed that the three-body data were very strongly dependent upon the volume of the weak-decay vertex (3-t, making the extraction of two-body parameters risky and unpredictable.
In this paper the calculations of Amado and Noble are repeated with identical input data but using the impulse approximation. The two sets of results are compared to examine the accuracy of the impulse model and to examine how accurately two-body parameters can be extracted by fitting the impulse model to the data (taken to be the exact calculations of Amado and Noble). Of the three commonly used models for resonant three-body decay-the Born approximation, the Breit-Wigner model and the impulse model-the last is the most accurate as it includes the effects of interference between the break-up and the :first scattering terms. This model is a non-relativistic analogue of the dispersion treatment of Khuri and Treiman. 8 l § 2. Theory
The weak-decay amplitude for the G decay IS (1) where !J(w IS the weak-decay Hamiltonian. The 3H final state may be written as (2) where <3H/ is the plane wave state, E the total energy of the G particle, TSH(E) the three-body T matrix and G0 (E) the free Green's function (E-H 0) -1 • Following Faddeev the three-body T matrix may be decomposed as 3 Tan(E) = :E Xa(E), (3) a=l where the partial decay rate satisfies the relation (4) and t1 (E) is the unitary, off-shell, two-body scattering amplitude for particles 2 and 3. The t matrix is taken to be of the separable form where M is the mass of the H particle, v(l) is the two-body vertex function, q1 is the relative momentum of particles 2 and 3 and p 1 is the momentum of particle 1 relative to the centre-of-mass of particles 2 and 3.
The H-H interaction was chosen so that the H's could resonate in S waves only, so avoiding the complications of higher spins. Such a vertex function is (6) where a-1 is the range of the interaction. The r function can be obtained by demanding that Eq. (5) satisfy off-shell unitarity, (7) where v is the two-body coupling constant.
Because of the separable form of the t matrix, the matrix element (8) may be simplified to
Since the H's are identical, the a-dependence is carried only by Pa and qa, hence the subscript a has been dropped in Eq. (9) . The basic unit of length has been defined as a-1 with h = M = 1.
The function f(p 2 , E) satisfies the integral equation where the kernel is
and the inhomogeneous term is
The weak-decay amplitude was taken to have the symmetrical form (13) where {J-1 is the range of the three-body decay vertex. This decomposition of the matrix element .5!1, is represented diagramatically in Fig. 1 . The impulse approximation consists in taking f(p 2 , E) equal to g (p 2 , E) in Eq. (10), or terminating the Faddeev expansion to the matrix element .5!1, after the disconnected terms. Thus the scattering amplitude is written 4 > as a sum of three disconnected terms, each with singularities in the particle pair energies of the form (E--fq/) -112 • The :first connected graphs, which are ignored in this model, have a leading singularity E-I, which coupled with the phase space singularity E 2 logE, gives a truly three-body singularity E log E. 5 > By terminating the Faddeev expansion after the disconnected terms, the three-body unitarity is destroyed and the threshold behaviour as E tends to zero is no longer correct. However, in G decays dominated by :final state H-H resonances, the three-body unitarity effects would be expected to play a minor role. Thus the position and possibly the width of a resonance in the G decay should be well represented by the impulse model. § 3. Calculations Through conservation of energy and momentum the partial decay rate may be expressed as a function of two variables E 1 and E2, the kinetic energies of two of the H particles,
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where R is the total decay rate, e is the step function and Ea = E-E1-E2. To remove the tri·vial dependence of the partial decay rate on v, {3 2 and E contained in the kinematical factor N, the enhancement is studied. The enhancement is the total decay rate normalized to the total rate in the absence of strong interactions,
Dalitz plots are generated from Eq. (15), also single spectra and total rates are generated by integrating the partial decay rates once and twice respectively. The impulse model cannot reproduce the de-enhancement behaviour as the multiple scattering terms have been ignored. Hence the enhancement is exaggerated in the impulse model, as may be seen from Fig. 2 ; the maximum enhancement for {3 2 = 10.0 is about 5 x 10 5 as v tends to unity. The enhancement for {3 2 = 0.10 has the same dependence on v but the maximum value is about 50.
Schmid 6 l has shown that the coherent addition of multiple scattering terms to the break-up amplitude will smooth out the peak that appears in the total rates at the triple resonance point in the impulse model. Nothing unusual occurs in the total rates of either model as overlapping resonances enter the Dalitz plot. The reduction in the enhancements as v tends to unity is due to diminish- Fig. 3 . Single spectra for G to 3H decay calculated in the centre-of-mass energy of a particle pair for {3 2 = 10.0, v=0.96 and E=0.107. The· continuous line is the single spectrum in the impulse approximation, the broken line is the exact single spectrum. The arrow indicates the input position of the two-body resonance. two-body resonance 1s accurate in both models, as can be seen from Tables I  and II and from Fig. 3 . In tabulating Tables I and II the two-body parameters were extracted by measuring the position and width of the single spectra from the graphs by hand. As v decreases and the resonance broadens and moves to higher mass energy, the final-state dynamics becomes increasingly important and fits between the two-body resonance and the two models grow progressively worse. This is due to the proximity of the resonance to the kinematic boundary which cuts off the tail of the resonance pushing it towards a lower energy. The effect of interference between multiple scattering terms forces the resonance even further away from the kinematic boundary. The data become increasingly more dependent upon {3 2 than the impulse model. As the multiple scattering terms have been neglected in the impulse model, the position of a broad resonance near the kinematic boundary is badly represented. A comparison of the exact calculation, the impulse model and a model which comprises the break-up plus one scattering amplitude (which is similar to a Breit-Wigner model) is given in Fig. 4 . If the impulse model were fitted to the data, the extracted two-body parameters would be badly distorted, as can be seen in Table II . The effect of interference between the break-up amplitude and the resonant scattering amplitude, in the impulse model, is to cause significant sub-resonances that are so pronounced in Fig. 3 . These specious sub-resonances give the twobody resonance a high-energy shoulder and so broaden the narrowest of resonances. As is seen in Tables I and II the shape of even a narrow resonance, well-centred in phase space, is badly represented in the impulse model. As much as a 40% error in the width of a resonance could be obtained by trying to fit the impulse model to the data. The distortion is even worse for a broad resonance as can be seen from Tables I and II. To remove the sub-resonances, multiple scattering terms must be included in the calculation. Since the Neumann expansion of the scattering amplitude is rapidly divergent/l these terms cannot be included by iteration. Moreover the inclusion of the singular triangle graph adds its own problems. 7 l The single spectra in the impulse model show much less dependence on {3 2 than the data; for v = 0.96 and E = 0.107 the single spectra are practically identical for the two values of {3 2 • Several Dalitz plots are generated. In the impulse model the Dalitz plots are blurred due to the specious high-energy shoulder of the single spectra and the dominant resonance pattern is obscured. In the impulse model the Dalitz plots show no sensitivity to {3 2 ; they are similar to the exact calculations for {3 2 =10.0 in agreement with Watson's original assumptions. 8 l None of the Dalitz plots in either model have areas of reduced densities that could be misinterpreted as properties of higher spins. 9 l' § 4.
Conclusions
The data for the total rates are dominated by the volume of the weak-decay vertex. The impulse model reproduces this behaviour badly; it exaggerates the true effects by several orders of magnitude. The single spectra may be used to extract the position of a two-body resonance under the restricted conditions of the resonance being narrow and near the centre of phase space. For a broad resonance near the edge of phase space, the interference effects between the direct break-up amplitude and the multiple scattering terms badly distort the two-body parameters that are extracted by fitting the impulse model to the data. Furthermore, the impulse model does not reproduce the large dependence on {3 2 shown by the data for single spectra. The Dalitz plots give a close but blurred representation of the data for a small primitive weak-decay vertex, but do not reproduce the dependence on {3 2 • However it is not possible to improve on the impulse model by iterating the Faddeev series to terms beyond the disconnected graphs since the resulting series is rapidly divergent. Thus the dynamic effects of the three-body decay process are accurately represented only by a complete solution of the type given by Amado and Noble.
The importance of the interference effects between the direct break-up and the multiple scattering terms precludes the possibility qf representing a resonance by a constant plus a Breit-Wigner term or by a Born approximation.
